Earlier studies carried out on our birth cohort found that introducing fish to a child's diet at an early age reduced the risk of allergic rhinitis at 4 years, 4 while living with farm animals lowered the risk at 8 years of age. 5 In contrast, receiving broad-spectrum antibiotics in the first week of life increased the risk of allergic rhinitis at 8 years of age. 5 This study analysed the prevalence, risk factors and protective factors for allergic rhinitis in the same birth cohort at 12 years of age.
Our hypothesis was that early life environment, like living on a farm, and diet, like fish consumption, affects the risk of allergic rhinitis at 12 years of age. The term "living on a farm" refers to farms with farm animals.
| ME THODS

| Study design and study population
Data were collected from a prospective, longitudinal cohort study of questionnaires were distributed to the families entering the study (4777/5654), excluding those that had declared that they no longer wished to participate. The response rate at 12 years of age was 76% of the questionnaires distributed (3637/4777) and 64% of the families entering the study (3637/5654). The study population for this study was defined as those completing the questions regarding allergic rhinitis at 12 years of age, that is 3618 families.
| Health outcomes and definitions
Breastfeeding duration and the age when various foods were introduced were reported at 12 months. Parental allergic rhinitis, eczema or asthma was defined as a parent reporting the specific allergic manifestation ever. Frequent fish consumption during the first year of life was defined as eating fish once a month or more, and farm living was defined as living on a farm with farm animals and was asked at 4 years and at 12 years of age. Continuously living on a farm was defined as reported farm living at both ages. The question regarding farm living
did not specify what animals were kept on the farm, but refer to farm animals such as cows, horses, pigs, hens, goats and sheep.
When the children were 8 and 12 years of age, we asked questions about their health and disease, allergy testing, family and environment, including allergic rhinitis. Current allergic rhinitis was defined as any reported symptoms of allergic rhinitis and medication use during the last 12 months. Doctor-diagnosed allergic rhinitis was reporting the medical diagnosis (ever) plus any symptoms of allergic rhinitis or medication use during the last 12 months. The amount or severity of symptoms was not specified.
The questions related to allergic rhinitis in the 12-year questionnaire were as follows: 
| Statistics
The statistical analyses were performed using SPSS version 23 (IBM Corp, Armonk, NY, USA), and we used frequencies, cross tabulations, chi-square and binary logistic regression. Odds ratios (OR) with 95% confidence intervals (CI) were calculated, and a P-value < .05 was statistically significant.
The univariate statistical analysis was used to calculate the risk for all potential risk factors or confounders for allergic rhinitis at 12 years of age.
The multivariate analysis included variables from birth until 12 months that had a univariate P-value of < .1. These were as follows:
parental allergic rhinitis, eczema and asthma, gender, maternal medication during pregnancy, having furry animals (dog, cat or rodent) at home first year, fish and egg introduction before 9 months of age and eating fish once a month or more, recurrent wheeze at 12 months of age (> 3 episodes), eczema and a doctor-diagnosed food allergy first year. In addition, we asked about living on a farm at 4 years of age. We also included factors that had previously been reported by studies to affect the risk of allergic rhinitis and factors associated with socioeconomic status, regardless of the level of significance. These were smoking during pregnancy, parental education levels, short breastfeeding duration, treatment with broad-spectrum antibiotics during the first week of life, being born small for gestational age and preterm birth. Missing answers were coded as "missing."
In addition, a multivariate model including all the variables mentioned above, with the only exception of farm living at 4 years, was made to evaluate the possible impact of time of exposure, that is moving to or from a farm during childhood. In this model, farm living was considered from age 4 to age 12 as never living on a farm, moved from a farm (farm only at age 4), moved to a farm (farm only at age 12) and continuously living on a farm (farm both age 4 and age 12).
Interaction analyses were performed for the independent factors in the multivariate analyses, using the binary logistic regression, and considered significant if P < .05.
| Ethical approval
The Ethics Committee of the University of Gothenburg approved the study, and all the parents provided written informed consent.
| RE SULTS
| Representativeness of the study sample
We analysed the differences between the children who participated at 12 years of age and those who we had data from for the first year of life. The children who did not take part at 12 years of age were more likely to have parents with low education, mothers who smoked during pregnancy and have been breastfed for < 4 months.
There also was a lower prevalence of atopic heredity among the nonparticipants (Table S1 ).
| Prevalence and clinical characteristics
At the age of 12, 805 of 3618 (22%) children had current allergic rhinitis and 460 (57%) were boys ( Table 1 ). The reported prevalence of doctor-diagnosed allergic rhinitis at 12 years of age was 349 of 3618 (10%).
Two-thirds of those with current allergic rhinitis only had that condition at 12 years of age, while the other third had at least one additional current atopic manifestation, namely asthma, eczema or food allergies. The most prevalent current comorbidities at 12 years were eczema (16%) and asthma (16%), with 6% reporting at least 2 comorbidities and 1% reporting three. Table 1 demonstrates the gender distribution, prevalence of current additional allergic manifestations at 12 years of age and heredity among those with, and without, current allergic rhinitis.
Of the 805 children with current allergic rhinitis, 743 (92%) reported at least 1 trigger factor: grass (68%), birch (60%), cats (28%), mugwort (26%), house dust mites (18%), dogs (14%), horses (12%) and rodents (8%). The combinations of various allergens are shown in Figure 1 . reported IgE sensitization to airborne allergens and 30% to food allergen. The three most common airborne allergens were birch (49%), cats (42%) and timothy grass (38%).
Of the children with current allergic rhinitis, a parental history of rhinoconjunctivitis was reported by 61%, eczema by 47% and asthma by 23% (Table 1 ).
| Age of onset
In the 12-year questionnaire, the mean reported age for the onset of current allergic rhinitis was 7.8 years (median 9.0, range 0-12).
Of the children with allergic rhinitis at the age of 12 years, 19%
reported allergic rhinitis for the first time in the 4-year questionnaire, 27% for the first time in the 8-year questionnaire and 55% for the first time in the 12-year questionnaire. Having an early onset reported at 4 years was more common among boys, and associated with other allergic manifestations at age 1 and age 4. In addition,
other allergic manifestations at 12 years of age and allergic rhinitis triggered by birch, mugwort, horse or rodents were more common among those with an early onset (data not shown). Of those reporting allergic rhinitis by the age of 4, 67% had persistent symptoms at 12 years of age. Persistent symptoms were more common among those with eczema during infancy and a family history of atopy. In addition, having allergic rhinitis triggered by birch at 4 years of age was associated with persistent symptoms until 12 years of age (data not shown).
| Univariate and multivariate analysis
The factors that demonstrated a significant association of P < .1 in the univariate models are shown in Table S2 .
In the multivariate analysis, a number of factors independently increased the risk of current allergic rhinitis, namely parental allergic rhinitis, doctor-diagnosed food allergy in the first year of life, eczema in the first year and male gender. In contrast, the risk was reduced by eating fish once a month or more at 12 months and by living on a farm (Table 2) .
A third (33%) of the children who did not live on a farm, but had a parental history of allergic rhinitis, also had allergic rhinitis. The figure for farm-based children without a parental history of allergic rhinitis was 8% ( Figure S1 ). This result was supported by a multivariate analysis that demonstrated that living on a farm at the age of 4 years reduced the risk of allergic rhinitis ( Figure 2 ). This reduced risk was still seen when the multivariate model (Table 2 ) was adjusted for reported sensitization at age 4, for avoiding furry animals because of an allergy in the family and for the daily duration of outdoor activities.
In the multivariate analysis considering time of exposure, continuously living on a farm (both at age 4 and age 12) was a statistically significant protective factor for allergic rhinitis at 12 years of age (Table 3) .
| Stratified and interaction analyses
A stratified analysis based on the presence or absence of parental allergic rhinitis confirmed that eating fish once a month or more had a significant protective effect in both groups (P = .03
and P < .001). In addition, the protective effect of living on a farm was independent of parental allergic rhinitis (P = .049 and P = .02).
There was no interaction between living on a farm and parental history of allergic rhinitis (P = .87) or gender (P = .48) or eating fish aOR, adjusted odds ratio. The model was also adjusted for: maternal medication during pregnancy, introduction of fish and introduction of eggs before 9 mo of age, recurrent wheeze at age 12 mo, parental education, furry animals at home during the first year, breastfeeding for <4 mo, maternal smoking during pregnancy, treatment with broad-spectrum antibiotics during the first week of life, being born small for gestational age, preterm birth < 37 wks, parental asthma and parental eczema.
TA B L E 2 Independent risk and protective factors in the multivariate analysis for allergic rhinitis at 12 y of age F I G U R E 2 Risk of current allergic rhinitis based on living on a farm at 4 y of age and a parental history of allergic rhinitis, presented as adjusted odds ratios and 95% confidence intervals. The multivariate analysis was adjusted for the same factors as the multivariate analysis presented in Table 2 once a month or more (P = .59). Neither was there any significant interaction between eating fish once a month or more and parental history of allergic rhinitis (P = .15) or gender (P = .57).
| D ISCUSS I ON
In this prospective, longitudinal birth cohort study, we found that living on a farm and early fish consumption reduced the risk of current allergic rhinitis at 12 years of age. Furthermore, we were able to confirm a high prevalence of current allergic rhinitis at 12 of age.
One in 5 children reported current allergic rhinitis, and pollen was the most commonly reported trigger factor (Figure 1 ). This finding agreed with the West Sweden Asthma Study, which stated that pollen sensitization was strongly associated with rhinitis. 6 Allergic rhinitis has been reported to become increasingly common as children grow into adolescence, with a stronger association in males. 7 This was supported by the findings in our study, which showed a prevalence of 6% at 4 years of age, 11% at 8 years of age and 22% at 12 years of age. 4, 5 The same prevalence was reported in the BAMSE study at 12 years of age, 8 and it was 18% at 11 years of age in the Avon Longitudinal Study of Parents and Children. 9 On the other hand, some studies, like the UK Manchester Asthma and Allergy Study and the Odense Adolescence Cohort Study on Atopic Diseases and Dermatitis, reported a higher prevalence of above 30%. 9,10 Different definitions of current allergic rhinitis can partly account for these differences.
The development of atopy has been reported to be more pronounced in children living in urban environments than on farms.
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The lower risk of allergic rhinitis in children living on a farm in our study supports this. Furthermore, the timing of exposure, with exposure in early life having more effect, and the duration of exposure, with a dose-response effect, seems to be important. 12 Some studies have indicated that the protective effect of living on a farm in early life continued into adulthood. 13 In our study, it seemed to be the continuous exposure, at both age 4 and age 12, that drove the negative association. This might indicate a dose-response relationship;
that is, the longer the exposure, the stronger the protective effect.
No interaction was seen between farm living at preschool age and heredity, and the protective effect of farm living was independent of heredity in the multivariate analysis. It is also clear that the prevalence of allergic rhinitis was not due to underrepresentation of parental allergic heredity in children living on a farm.
Several independent microbial signals may play a role in activating the protective effects of living on a farm. [14] [15] [16] One explanation might be the stimulation of TH1 cells and suppression of TH2 cells due to the increased exposure of farm children to microbial antigens in stables or farmhouses.
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In addition, early dietary factors have been suggested to affect the development of allergic disease. 4, [18] [19] [20] [21] [22] Our findings of that fish consumption reduced the risk of allergic rhinitis agreed with such studies.
In a Norwegian birth cohort study, children who ate fish at an early age displayed a lower prevalence of allergic rhinitis at 4 years of age. 18 The
Stockholm BAMSE study found that early and regular fish consumption in infancy was associated with a reduced risk of asthma, rhinitis and eczema at 8 years of age. 19 In addition, previous studies from our cohort have concluded that the early introduction of fish reduced the risk of eczema during the first year of life, 20 allergic rhinitis and recurrent wheeze at 4 years of age 4, 21 and doctor-diagnosed asthma at 8 years of age.
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It has been suggested that the immunological effects of omega-3 fatty acids, which are found in oily fish, explain how fish consumption can reduce the risk of allergic diseases. 23, 24 However, studies that provided infants and children with omega-3 fatty acid supplements have reported inconsistent results. 25 Few epidemiological studies have successfully distinguished oily and lean fish consumption in childhood, and the results have been inconclusive. 20, 26 Another hypothesis is that other compounds than fatty acids in fish, including certain vitamins or proteins, might have an impact on allergic disease. For example, vitamin D is found in fish and has been associated with reduced allergy levels. [27] [28] [29] Moreover, regular fish consumption might reflect living in a more positive socio-economic environment and a more healthy lifestyle in general. 
| Strengths and limitations
The main strengths of the study were the large size of the birth cohort, the high response rate and the longitudinal design. In common with previous studies on this cohort, the material appears to be largely representative of the population. Moved from a farm, farm only at age 4, moved to a farm, farm only at age 12 and continuously lived on a farm, farm both at age of 4 and 12 y. Farm living was defined as living on a farm with farm animals. To be included in the analysis, answers on farm living at both ages were required. Odds ratios were adjusted (aOR) for all the factors in Table 2 (multivariate analysis). Bold indicates statistical significance.
TA B L E 3 Prevalence of current allergic rhinitis at 12 y of age (729/3276) based on whether children lived on a farm at age of 4 and at 12 y of age A limitation that we shared with many other epidemiological studies was that the data collection was based on postal questionnaires.
To reduce the impact of this, we chose questions that were based on previously used international questionnaires, as this enabled us to compare the results. Our definition of "allergic rhinitis" included both current medication use and current symptoms, even though the amount or severity of symptoms was not specified. The reason not to use a doctor's diagnosis or sensitization is that many children in
Sweden use over-the-counter drugs without a doctor's diagnosis to alleviate symptoms of allergic rhinitis. Furthermore, questionnairebased data on the results of clinical tests should be interpreted with caution as parents may not remember or remember incorrectly. In addition, an allergy test is not mandatory for the medical diagnosis of allergic rhinitis given a typical medical history. Even so, the majority of children with allergic rhinitis in our study reported allergy testing.
| CON CLUS IONS
The latest stage of this birth cohort study of Swedish children found that living with farm animals reduced the risk of allergic rhinitis at 12 years of age, as did eating fish once a month or more at the age of 30. Almqvist C, Garden F, Xuan W, et al. Omega-3 and omega-6 fatty acid exposure from early life does not affect atopy and asthma at age 5 years. J Allergy Clin Immunol. 2007;119:1438-1444.
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